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Learning Objectives 


e Describe the major anatomical features of the circulatory and lymphatic systems 
e Explain why the circulatory and lymphatic systems lack normal microbiota 
e Explain how microorganisms overcome defenses of the circulatory and lymphatic systems to cause infection 


Libraries 


Clinical Focus: Part 1 


Barbara is a 43-year-old patient who has been diagnosed with metastatic inflammatory breast cancer. To facilitate her ongoing chemotherapy, her 
physician implanted a port attached to a central venous catheter. At a recent checkup, she reported feeling restless and complained that the site 

of the catheter had become uncomfortable. After removing the dressing, the physician observed that the surgical site appeared red and was warm 
to the touch, suggesting a localized infection. Barbara was also running a fever of 38.2 °C (100.8 °F). Her physician treated the affected area with 


1. Based on this information, what factors likely contributed to Barbara’s condition? 


2. What is the most likely source of the microbes involved? 


The circulatory and lymphatic systems are networks of vessels and a pump that transport blood and lymph, respectively, throughout the body. When 
these systems are infected with a microorganism, the network of vessels can facilitate the rapid dissemination of the microorganism to other regions 


of the body, sometimes with serious results. In this section, we will examine some of the key anatomical features of the circulatory and lymphatic 
systems, as well as general signs and symptoms of infection. 


The Circulatory System 


The circulatory (or cardiovascular) system is a closed network of organs and vessels that moves blood around the body (Figure 25.1.1). The primary 
purposes of the circulatory system are to deliver nutrients, immune factors, and oxygen to tissues and to carry away waste products for elimination. 
The heart is a four-chambered pump that propels the blood throughout the body. Deoxygenated blood enters the right atrium through the superior 
vena cava and the inferior vena cava after returning from the body. The blood next passes through the tricuspid valve to enter the right ventricle. 
When the heart contracts, the blood from the right ventricle is pumped through the pulmonary arteries to the lungs. There, the blood is oxygenated 
at the alveoli and returns to the heart through the pulmonary veins. The oxygenated blood is received at the left atrium and proceeds through the 


mitral valve to the left ventricle. When the heart contracts, the oxygenated blood is pumped throughout the body via a series of thick-walled vessels 
called arteries. The first and largest artery is called the aorta. The arteries sequentially branch and decrease in size (and are called arterioles) until 


immune factors, and oxygen to those tissues. The capillaries connect to a series of vessels called venules, which increase in size to form the veins. 
The veins join together into larger vessels as they transfer blood back to the heart. The largest veins, the superior and inferior vena cava, return the 
blood to the right atrium. 
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Figure 25.1.1: The major components of the human circulatory system include the heart, arteries, veins, and capillaries. This network delivers blood to the 
body’s organs and tissues. (credit top left: modification of work by Mariana Ruiz Villareal; credit bottom right: modification of work by Bruce Blaus) 


Other organs play important roles in the circulatory system as well. The kidneys filter the blood, removing waste products and eliminating them in 
the urine. The liver also filters the blood and removes damaged or defective red blood cells. The spleen filters and stores blood, removes damaged 


maintain an environment free of microorganisms in the blood. 
The Lymphatic System 


The lymphatic system is also a network of vessels that run throughout the body (Figure 25.1.2). However, these vessels do not form a full circulating 
system and are not pressurized by the heart. Rather, the lymphatic system is an open system with the fluid moving in one direction from the 
extremities toward two drainage points into veins just above the heart. Lymphatic fluids move more slowly than blood because they are not 
pressurized. Small lymph capillaries interact with blood capillaries in the interstitial spaces in tissues. Fluids from the tissues enter the lymph 
capillaries and are drained away (Figure 25.1.3). These fluids, termed lymph, also contain large numbers of white blood cells. 
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Figure 25.1.2: The essential components of the human lymphatic system drain fluid away from tissues. 
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Figure 25.1.3: Blood enters the capillaries from an arteriole (red) and leaves through venules (blue). Interstitial fluids may drain into the lymph capillaries 


contains the hematopoietic stem cells (HSC) that differentiate and mature into the various types of blood cells and lymphocytes (see Figure 17.3.1). 
The secondary lymphoid tissues include the spleen, lymph nodes, and several areas of diffuse lymphoid tissues underlying epithelial membranes. The 


it passes through; the lymph exits the lymph node through the efferent lymphatic vessels (Figure 25.1.4). 
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of lymphatic tissue located along the larger lymph vessels. They contain numerous lymphocytes that kill and remove pathogens from lymphatic fluid that 
drains from surrounding tissues. 


# Link to Learning 


The lymphatic system filters fluids that have accumulated in tissues before they are returned to the blood. A brief overview of this process is 
provided at this website. 


What is the main function of the lymphatic system? 


Infections of the Circulatory System 


Under normal circumstances, the circulatory system and the blood should be sterile; the circulatory system has no normal microbiota. Because the 
system is closed, there are no easy portals of entry into the circulatory system for microbes. Those that are able to breach the body's physical 
barriers and enter the bloodstream encounter a host of circulating immune defenses, such as antibodies, complement proteins, phagocytes, and 
other immune cells. Microbes often gain access to the circulatory system through a break in the skin (e.g., wounds, needles, intravenous catheters, 
insect bites) or spread to the circulatory system from infections in other body sites. For example, microorganisms causing pneumonia or renal 


infection may enter the local circulation of the lung or kidney and spread from there throughout the circulatory network. 


If microbes in the bloodstream are not quickly eliminated, they can spread rapidly throughout the body, leading to serious, even life-threatening 
infections. Various terms are used to describe conditions involving microbes in the circulatory system. The term bacteremia refers to bacteria in the 


and die. 


Certain infections can cause inflammation in the heart and blood vessels. Inflammation of the endocardium, the inner lining of the heart, is called 


appear on the skin. If the damage of tissues or blood vessels is severe, it can result in reduced blood flow to the surrounding tissues. This condition 
is called ischemia, and it can be very serious. In severe cases, the affected tissues can die and become necrotic; these situations may require surgical 


debridement or amputation. 


1. Why does the circulatory system have no normal microbiota? 
2. Explain why the presence of microbes in the circulatory system can lead to serious consequences. 


Infections of the Lymphatic System 


Like the circulatory system, the lymphatic system does not have a normal microbiota, and the large numbers of immune cells typically eliminate 
transient microbes before they can establish an infection. Only microbes with an array of virulence factors are able to overcome these defenses and 


invading microbes can be detected. 


Infections in the lymphatic system also trigger an inflammatory response. Inflammation of lymphatic vessels, called lymphangitis, can produce visible 


Key Concepts and Summary 


e The circulatory system moves blood throughout the body and has no normal microbiota. 


e The lymphatic system moves fluids from the interstitial spaces of tissues toward the circulatory system and filters the lymph. It also has no 
normal microbiota. 


e The circulatory and lymphatic systems are home to many components of the host immune defenses. 


e Infections of the circulatory system may occur after a break in the skin barrier or they may enter the bloodstream at the site of a localized 
infection. Pathogens or toxins in the bloodstream can spread rapidly throughout the body and can provoke systemic and sometimes fatal 
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